associated with sugar chains were observed in the white matter of brains of patients with Alzheimer type dementia and Down's syndrome, in addition to the existence of sugar chains detected in senile plaques, neurofibrillary tangles and corpora amylacea in the brains of patients with the diseases and aged persons (3) . And, we also reported that the glycoconjugate deposits with spherical shape were detected in the molecular layer of the dentate gyrus of the hippocampal formation of patients with schizophrenia, Down syndrome, and Alzheimer type and tangles type dementia, which were named "the spherical deposits (SPDs)" after their shape (4, 5) ( Fig. 1, 2 ). In the present study, the histological characteristics of SPDs of the hippocampal formation of schizophrenic patients were examined by 
MATERIALS AND METHODS
A flow chart of material and methods for this study is shown in Fig. 3 . Brain tissue sections from the hippocampus were routinely obtained at autopsy to prepare tissue sections for the pathological diagnosis in compliance with the ethical code of the Ethical Committee of the Japanese Society of Legal Medicine. The brains were immediately sliced into 1 cm coronal slabs and immersed in the fresh fixative (pH 7.4) containing 4% paraformaldehyde in 0.01 M phosphate buffer (PB) at 4! !for 2-3 days. The slices were then transferred to PB containing 15% sucrose and 0.1% sodium azide for storage at 4! !. The hippocampal sections were made by means of a microslicer (DTK-3000, Dosaka EM) in 40 μm thick in coronal planes. In this study we examined the hippocampal formation from 50 individuals.
The cause of death, postmortem interval, symptoms and episode of the individuals are given in Table 1 , of which 16 (cases 1 to 16) had been clinically diagnosed and under medical treatment for schizophrenia. Two individuals were clinically diagnosed as having Down's syndrome (cases 28 and 29) and the rest were patients with dementia, (cases 17 to 27), and individuals with other diseases or unknown episodes (cases 30 to 51). In these cases, we found no genetic disorder, e.g., Krabbe's disease, Gaucher's disease, CDGS (Carbohydrate deficient glycoprotein syndrome) etc. in which a metabolic enzyme deficiency or an altered glycoprotein Fig. 2 of the molecular layer of the dentate gyrus.
has been characterized as the cause. In multi-fluorescent staining, anti GFAP (glial fibrillary acidic protein), anti CD45, anti NF (neurofilament) and single strand DNA (ssDNA), and SYBR Green were utilized, and DBA, GSI-B4 and UEA-I were also used as lectins. For triple labeling of GFAP, SYBR Green and lectins, the sections were incubated in a mixture of mouse anti-GFAP antibody (DAKO, diluted 1 : 100) and biotinated lectins (UEA-I (EY LABORATORIES, diluted 1 : 100), DBA (EY LABORATORIES, diluted 1 : 100) and GSI-B4 (EY LABORATORIES, diluted 1 : 100) for a day, and in a mixture of Alexa546 labeled goat anti-mouse IgG (Invitrogen, 1 : 100), Alexa633 labeled streptoavidin (DAKO, diluted 1 : 100) and SYBR Green (Invitrogen, 1 : 10000) for 5 hours subsequently. For triple labeling of CD45, SYBR Green and lectins, sections were incubated in a mixture of mouse anti-CD45 antibody (Invitrogen, 1 : 50) and biotinated lectins for a day, and in a mixture of Alexa546 labeled goat anti-mouse IgG, Alexa633 labeled streptoavidin and SYBR Green for 5 hours subsequently. For triple labeling of NF, SYBR Green and lectins, sections were incubated in a mixture of mouse anti-NF antibody (DAKO, 1 : 100) and biotinated lectins for a day, and in a mixture of Alexa546 labeled goat anti-mouse IgG, Alexa633 labeled streptoavidin and SYBR Green for 5 hours subsequently. For triple labeling of ssDNA, SYBR Green and lectins, sections were incubated in a mixture of mouse anti-ssDNA antibody (Chemicon, 1 : 100) and biotinated lectins for a day, and in a mixture of Alexa546 labeled goat anti-mouse IgG, Alexa633 labeled streptoavidin and SYBR Green for 5 hours subsequently.
In immuno-electron microscopical method, after embedding in Luveak-812, 60 nm ultrathin section by mean of diamond knife were conventionally stained with uranyl acetate and lead citrate sequentially, and examined using Hitachi H-600 electron microscope (Fig. 3) . A floating method of lectin histochemical staining before enbedding in Luveak-812 was performed using same three lectins as the multi-fluorescent staining. After lectin histochemical staining, the sections were postfixed in 0.2% glutalaldehyde and 1% OsO4 sequentially. Then they were dehydrated and flat embedded in Luveak-812 between silicon-coated slide glasses. Regions in the molecular layer of the dentate gyrus of the hippocampal formation were dissected and the section was remounted on an epon stage and cut with an ultramicrotome using a diamond knife. Ultrathin sections were conventionally stained with uranyl acetate and lead citrate sequentially, and examined using Hitachi H-600 electron microscope.
RESULTS
Triple fluorescent staining by mean of NF, GSI-B4 and SYBR Green showed that the spherical deposit (SPD) existed in the neurons nearby nucleus with faint stained by SYBER Green. UEA-I and DBA also showed similar patterns (Fig. 4) . And, no reactivity of GFAP and CD45 was found with reactivity of lectins. These findings suggested that SPDs existed in neurons but not in glias e.g. astrocytes or microglias.
In multi-fluorescent staining by mean of lectins, ssDNA and SYBR Green, partial disrupted nucleus with decreased staining properties by mean of SYBR green were detected, and UEA-I and single strand DNA were co-stained in the portion of partial disrupted nucleus (Fig. 5) . In immuno-electron microscopical method, DBA positive structures were also detected in the portion of partial disrupted nucleus (Fig. 6) . Results of multi-fluorescent staining and immuno-electron microscope using DBA, GSI-B4 and UEA-I in the hippocampal formation were shown in Fig. 7 . These neurons were suspected in the process of apoptosis by their distinguishable features.
DISCUSSION
Although the shape and histochemical reactivity of the spherical deposits (SPDs) were similar to those of the corpora amylacea (CA) showing reactivities with Con A, PSA, GS-I-B4, UEA-I and DBA lectins, the former could be distinguished from the latter obviously by PAS, HE, K-B and G-B staining. At electron microscopical level, SPDs could clearly be distinguished from corpora amylacea. Being different from the ultrastructure of corpora amylacea, homogeneous and round-shape structure with a patch -like immunoreactivity around their envelopes, the spherical deposits contained numerous phagosome/lysosome-like bodies with lectin immunoreactivity (6) . Although the number of SPD and/or CA in the hippocampal formation varied among the patients or individuals, the appearance was distinctive in the respective regions from all patients with schizophrenia, Alzheimer type dementia, dementia with neurofibrillary tangles or Down's syndrome and some aged individuals. The presence of SPD with a few CA was mainly observed in young patients with schizophrenia, and the co -localization of SPD and CA was recognized in middleaged patients with schizophrenia and patients with Alzheimer type dementia, dementia with neurofibrillary tangles and Down's syndrome (4) .
The molecular layer of the dentate gyrus in the hippocampal formation contains dendrite fibers of granular cells in the dentate gyrus, which is considered to be the first step in the intrinsic hippocampal circuit, perforant pathway from entorhinal cortex and glias (7) . The perforant pathway synapses on the outer portion of the dentate that arises from the dentate gyrus granule cells. This subtends approximately two-thirds of the granule cell dendrite and the perforant pathway contributes 80-85% of the synaptic terminals that end in this zone. By contrast, the inner one-third of the molecular layer receives afferent nerves from the CA4 zone and from the septum (7). Eriksson et al (8) reported that new neurons were generated from dividing progenitor cells in the dentate gyrus of adult human, and indicated that the human hippocampus retained its ability to generate neurons throughout life. The physiological function of the hippocampus appears to be particularly concerned with memory and long-term potentiation (9) . Although long-term potentiation is likely to serve as a mechanism for the storage of recent memory by the hippocampus, the formation of permanent memory traces is likely to involve the synthesis of new proteins and the formation of new synapses with the assistance of sugar chains. Since many lectin-positive spherical deposits were mainly observed in the inner one-third portion of the molecular layer of the dentate gyrus, it is suggested that there may exist a disadvantageous interaction between these deposits and dendrites of neurons of the C4 zone. The presence of spherical deposits was obvious in patients with schizophrenia, Alzheimer type dementia and Down's syndrome. These results indicate that spherical deposits may play a key role in formation of the neuronal network in the molecular layer of the hippocampal formation. Although the postmortem assignment of psychiatric diagnoses presents major practical difficulties (10) , the presence of spherical deposits could be an indicator for psychiatric disorders of patients, since Grace (11) proposed that schizophrenia is a developmentally related disorder, in which disruption of the hippocampal influence over the limbic system during ontogeny results in a pathological alteration of cortico-accumbens interaction in the adult organism.
Some experimental studies were reported that a kind of therapeutic products of major tranquillizers induced neuron apoptosis in dentate gyrus (12) (13) (14) . As the lectin positive spherical shaped deposits were detected in not only 5 schizophrenia cases (case No. 3, 4, 10, 13, 15) without drug treatment but also in 11 schizophrenia cases (case No. 1, 2, 5-9, 11,12, 14, 16) with drug treatment in this study, they might be detected as the intrinsic pathological change of schizophrenia. The lectin positive spherical shaped deposits detected in the hippocampal formation were suspected as the histopathological marker of the postmortem diagnosis for schizophrenia. Further examination for specifying group of neurons detected them in and initiated apoptosis are necessitated.
